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Preface

In South America, the rate of afforestation with exotic pines has dramatically increased during the
last two decades. The countries of South America are dependent on plantations of fast-growing trees
to help meet their national needs for lumber, pulpwood, fuelwood, and other wood products. Also,
these plantations alleviate the pressure on some naturally occurring species in areas such as the
Amazon Basin, Atlantic Forest, and Auraucaria Forest. There are presently 5.0 million hectares of
forest plantations in Brazil, of which 2.0 million hectares consist of various species of pines.

Pines in South America were relatively pest-free; however, in the early 1990s, several species of
insects and fungi were accidentally introduced into the continent. These pests have caused wide-
spread, serious damage. Several pest species now threaten the future viability of pine, as well as tree
biodiversity as a component of South American forestry programs.

Sirex noctilio F. (Hymenoptera: Siricidae), is native to southern Europe, the Near East, and north
Africa, where it is a secondary invader in the boles of weakened and dying pines. It is not considered
a pest in its native habitat. This horntail is associated with a fungus, Amylostereum areolatum, which is
toxic to certain pines. By the mid 1980s, S. noctilio was causing extensive mortality in New Zealand,
Tasmania, and Australia.

Sirex noctilio was first reported in South America (in Uruguay in 1980). In 1988 it was found in the
southern part of Brazil. It has caused widespread losses, and, in some local cases, has resulted in over
sixty-percent mortality in pine plantations in Brazil and neighboring countries. In Brazil, the insect
presently occurs in the southern states of Rio Grande do Sul, Santa Catarina, and Parana, and covers
an area of approximately 200,000 hectares of pine plantations. This region contains approximately
sixty percent of the country’s pine plantations. Current annual losses attributed to S. noctilio in this
region are estimated at US$ 5 million.

There is a tremendous potential for further spread of this pest in South America, especially into Chile,
which has in excess of 1.3 million hectares of Monterey pine (Pinus radiata D. Don.) plantations.
Additionally, countries such as the United States are potentially threatened by S. noctilio as interna-
tional trade increases.

During the first meeting of the Permanent Working Group on Silvo-Agricultural Health, held in
Brazil in 1992, the southern cone countries (Argentina, Brazil, Chile, and Uruguay) identified S.
noctilio as the pest that poses the greatest threat to conifer plantations in South America. Also in 1992,
a regional conference on Sirex noctilio was held in Florianépolis, Brazil. It was attended by representa-
tives from Argentina, Brazil, Chile, Colombia, Paraguay, Uruguay, United States, and Venezuela. This
was the first South American Regional Conference held to address a forest pest. Recommendations
from the conference included creation of a national program to control S. noctilio that emphasizes
biological control, using a complex of parasites, nematodes, and silvicultural methods (Ciesla 1993).

Brazil is a key country for U.S. Department of Agriculture Forest Service international activities,
because of its large area of forested land (13 percent of the world's closed natural forest area, more
than 30 percent of the closed broad-leaved forest of the tropics, and 33 percent of the total plantation
area). The U.S. Department of Agriculture Forest Service has a unique capacity to advance the science
and practice of sustainable forest management. U. S. Department of Agriculture Forest Service
activities within Brazil are carried out through Memorandums of Understanding (MOU) with the
National Resources Institute IBAMA) and the Brazilian Agricultural Corporation (EMBRAPA). One
aspect of these MOUs is to advance restoration and maintenance of forest health by assisting in
reducing the spread of insects, diseases, and weeds that could impact Brazil and the United States.




In 1994, the U.S. Department of Agriculture Forest Service formed a comprehensive agreement with
CABI Bioscience, Ascot, U.K. (formerly the International Institute of Biological Control) and several
Australian organizations, in order to take advantage of other international expertise in the biological
control of S. noctilio. Through this collaboration, and recognizing the recommendation of the 1992
workshop, a program of shipments of S. noctilio parasitoids from Australia to Brazil was begun in
1996. This international workshop on biological control, held at EMBRAPA, Colombo, PR State,
Brazil, in November 1996, provided technical underpinning for this activity. The main purpose of the
workshop was to provide a forum for countries to update the exchange of information on S. noctilio
and to provide training in parasitoid rearing, release, and evaluation methods. Participants included
representatives from Brazil, Argentina, Chile, Uruguay, South Africa, Australia, and the U.K. This
Proceedings provides a record of the presentations at the workshop.

In 1997, a three-year participating agreement between the EMBRAPA and the U.S. Department of

Agriculture Forest Service (97-PA-002) was signed. This agreement allows the parties to continue to
work cooperatively on the development of an integrated pest management program for Sirex noctilio.

Richard C. Reardon
Sean T. Murphy
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Exotic invasive species: a threat to
forest health

Richard C. Reardon

During the early 1990s, both members of the
U.S. Congress and representatives of various
land management agencies expressed concerns
about the present and future health of
America’s forests, mainly because of several
catastrophic pest outbreaks and fire episodes in
the West. In an effort to address these concerns,
in 1990 Congress amended the Cooperative
Forestry Assistance Act of 1978 to strengthen
U.S. Department of Agriculture Forest Service
programs concerned with forest health.
Specifically, Congress amended the authorising
section in the act for the Forest Health
Protection program to include forest health
monitoring, technology development, and
promotion of management measures to protect
forest health. In response, the U.S. Department
of Agriculture Forest Service and the U.S.
Environmental Protection Agency, in
cooperation with state forestry agencies and
others, implemented a nationwide Forest
Health Monitoring Program. Also, in 1993, the
Forest Service updated its strategic plan for
addressing forest health concerns. Healthy
Forests for America’s Future, A Strategic Plan
outlines goals and actions for maintaining or
restoring healthy forests on national and
private lands.

Forest health is recognised as a matter
requiring international cooperation. Both the
threat exotic forest pests pose for the U.S. and
the threat forest pests native to the U.S. pose
for other countries, are of concern. The United
States is taking action to improve international
cooperation in forest health, specifically to
strengthen cooperation in operational
technologies for management of insects and
diseases, to provide technical assistance to
strengthen program capabilities, to enhance
research capabilities for protecting forest
health, and to develop a knowledge base on
foreign pests. For example, in 1990, the U.S.
Department of Agriculture received an
industry proposal to import larch logs from
Siberia. In 1991, the Forest Service completed a

pest risk analysis of importing Russian larch
(Larix spp.) logs. It showed that potential
damage could occur from one of several forest
pests in Russia. Similar proposals were
received for log importations from New
Zealand and Chile. The pest risk assessment
completed for New Zealand logs also found
pests of concern if logs of Monterey pine (Pinus
radiata D. Don) were to be imported without
appropriate quarantine measures.

Meanwhile, land managers detected three new
exotic forest pests in the United States in 1991
and 1992: the Asian strain of gypsy moth
(Lymantria dispar), common European pine
shoot beetle (Tomicus piniperda), and Eurasian
poplar leaf rust. At the October 1993 meeting of
the Insect and Disease Study Group of the
North American Forestry Commission, the
Study Group endorsed a proposal to prepare
an exotic forest pest list for North America.
Canadian, Mexican, and U.S. representatives
are coordinating the development of this list,
which identifies organisms significant for
regulation; provides a basis for harmonisation
of activities among North American countries;
allows for a pro-active stance concerning new
pest introduction by providing information on
the biology, damage potential, and control
options for a given pest; and provides the basis
for developing strategies for dealing with
newly introduced forest and wood pests.

Large areas of forests will continue to be
susceptible to pests and will require future
suppression efforts. Recent emphasis has
focused on the use of biological control as the
cornerstone of an integrated management
approach to suppressing forest pests. For
example, International Forestry Operations
and the U.S. Department of Agriculture Forest
Service, Forest Health Protection, are working
together with Brazilian counterparts (e.g.,
Empresa Brasileira de Pesquisa Agropecuaria
[EMBRAPA]) to develop methods for
controlling, and to assist in reducing the spread

1



of, insects, diseases, and weeds that could
impact United States economic interests. Our
current focus is the horntail Sirex noctilio F,,
which is native to the pine forests of Europe
and has been identified as the pest that poses
the greatest threat to conifer plantaions in
South America.



Biological control of tropical forestry and
agroforestry insect pests: a review

Sean T. Murphy

Introduction

Within the tropical region, defined here as the
area lying between 27° north and south of the
equator (Evans 1982), an increasing amount of
land has been devoted to large- and small-scale
tree plantations during the course of this
century. In fact, during the last 30 years or so,
afforestation and agroforestry programmes
involving softwoods, hardwoods, and
multipurpose trees have escalated in all parts
of the tropics. This is largely because of the
demands of forest industries, soil stabilisation
programmes, and local fuelwood and fodder
needs (Anon. 1985; Evans 1986).

Despite the fact that many tropical countries
have invested in, and continue to invest in,
forest monocultures, there is much evidence to
show that plantations of this type seem to be at
high risk from insect and other pests (Gibson
and Jones 1977). To address these problems,
many national forestry programmes have
turned to biological control methods involving
the use of natural enemies. This has been for a
number of reasons. Firstly, forested regions are
usually large, and thus the application of
insecticides for the control of insect pests has
been too expensive to contemplate by some
countries. In contrast, some biological control
strategies (for example, the introduction or
“classical” technique) are cheap in comparison,
and seem appropriate for large areas because
natural enemies can usually disperse
effectively by themselves. Secondly, and more
generally, the long rotation time for most tree
crops (30-100 years) and the infrequent
application of silvicultural practices are, in
principle, conducive to the use of natural
enemies.

In view of the increasing economic importance
of plantations to tropical countries and the
problems posed by insect pests, it is necessary

that pest management strategies be critically
reviewed so that their value in crop protection
can be properly assessed.

Several authors (for example: Hall and Ehler
1979; Hall et al. 1980; Greathead 1986; Waage
and Greathead 1988; Greathead and Greathead
1992) have used the historical records of the
introduction technique in biological control to
assess the success of this method in agriculture
and forestry on a global basis, and to
determine what factors, if any, influence the
chance of success. Although these broad
analyses have generated some useful statistics
about the introduction technique in general,
they provide little information about the
success of this technique under particular
environmental conditions. In this paper, we
review the biological control projects of all
types that have been implemented against
tropical forest and agroforestry insect pests and
discuss the opportunities and challenges for
the further use of this form of pest
management in tropical forestry.

Biological control projects

Traditionally in biological control, the
introduction approach (i.e., the importation
and release of specialised natural enemies from
the area of origin of the pest) is the preferred
method for exotic pests (see DeBach 1964)
whereas all approaches (introduction,
inoculation, and inundation) are used for
native pests. One or more of these techniques is
particularly suitable for pests of seedlings,
saplings, or mature trees. Here we review the
different types of biological control that have
been implemented against native and exotic
tropical forest insect pests in turn. Information
about biological control projects was obtained
in two ways. First, a search was made of the
database BIOCAT (Greathead and Greathead
1992). This database, put together at the

3



International Institute of Biological Control
(IBC, now CABI-Bioscience), contains
published information (source, pest, agent, and
outcome) on all introductions to date of insect
natural enemies against arthropod pests. In
BIOCAT, every introduction of an agent species
is treated as a separate record: thus in cases
where several agents have been used against a
particular pest species, BIOCAT will contain an
equivalent number of records. Some of the
limitations of the dataset that BIOCAT is based
on have been discussed by Greathead and
Greathead (1992). Second, a more general
search was made of CAB International’s
(CABI's) vast database on agriculture and
forestry, to locate projects on biological control
involving other agents (e.g., pathogens) and
techniques (e.g., augmentation projects
involving native natural enemies).

Native pests

The search on native pests showed that the
number of projects that have been
implemented is small; on a worldwide basis

not more than about 20 species have been
targeted. This is obviously only a very small
proportion of the native pest spectrum
worldwide. Despite the small number of
projects undertaken, most regions of the

tropics seem to have been active in the use of
biological control methods against native pests.
Most projects have been directed against pests
of saplings and mature trees.

The biological control projects that have been
conducted can be conveniently divided into
two groups:

1. The introduction of exotic insect and
microbial agents.

2. The augmentation of native insect and
microbial agents.

Very few introductions of exotic insect agents
seem to have been made (see Table 1).

Table 1. Introduction of agents against native tropical forestry insect pests

Agents Pest | Tree L Country Outcome
Insects .
Cedria paradoxa Wilkinson Eutectona machaeralis (Walker) Teak India Not known
C. paradoxa E. machaeralis Teak Burma Not known
Telenomus alsophilae (Viereck) | Oxydia trychiata Guenee Cypress Columbia Successful control
Hymenopterous parasitoids Hypsipyla grandella (Zeller) Mahogany Brazil & several Failed

Caribbean countries

Hymenopterous parasitoids Hyblaea puera (Cramer) Teak India Not known/failed
Hymenopterous parasitoids H. puera Teak India Not known/failed
Bacillus thuringiensis Berliner | Pachypasa capensis (Linnaeus) Pines South Africa Still being researched
B. thuringiensis Euproctis terminalis Walker Pines South Africa Still being researched
B. thuringiensis Dendrolimus punctatus (Walker) Pines China Still being researched?
Cytoplasmié polyhedrosis virus | D. punctatus I Pines China Still being researched




In Columbia, the geometrid defoliator Oxydia
trychiata (Lepidoptera) has moved over from
natural hardwood trees to plantations of exotic
cypress where it has caused substantial
damage. However, in 1975, an egg parasitoid,
Telenomus alsophilae (Hymenoptera:
Scelionidae), was imported from the USA,
released, and brought the pest under control
(Bustillo and Drooz 1977). A number of
biological control projects undertaken in 1960s
and 1970s have been attempted against the
mahogany shoot borer, Hypsipyla grandella
(Lepidoptera: Pyralidae), in various Caribbean
countries and in Brazil. Twelve parasitoid
species have been collected from the more
diverse natural enemy complex of Hypsipyla
robusta (Moore) in India and have been tried
against the pest. Most of the parasitoids failed
to establish. A few species established but
failed to control the pest, and in the remaining
cases the results of the releases are unknown.
The reasons for the failures of these projects are
unknown, but only a small proportion of the
parasitoids recorded from H. robusta have been

tried. Similar attempts were made to control
teak defoliators in India and Burma in the
1930s and 1940s using parasitoids from India,
but again the projects either failed or results
are unknown (Rao et al. 1971).

There seem to be only two well-documented
records of the augmentation of native insect
natural enemies. Both these projects were
undertaken in China and have involved the
seasonal inoculative releases of parasitoids. In
the first case (see Table 2, bottom of this page)
inoculative releases of the bethylid
Sclerodermus guani (Hymenoptera: Bethylidae)
have been made for the control of the
cerambycid borer Semanotus sinoauster
(Coleoptera), a serious pest of the Chinese fir
(Cumminghamia lanceolata) (Zhang et al. 1989).
In the second case, inundative releases of the
parasitoid Trichogramma dendrolimi
(Hymenoptera: Trichogrammatidae) have been
made against the widespread lasiocampid
defoliator Dendrolimus punctatus (Lepidoptera)
(Yan and Lui 1992). Both projects claim the
successful seasonal control of these pests.

Table 2. Augmentation of native agents against native tropical forestry insect pests

Agents Pest Tree Country Outcome

Insects
Sclerodermus guani Xiao and Wu gera;zzgorus sinoauster Chinese fir China Successful control
Trichogramma dendrolimi Dendrolimus punctatus Pines i China Successful control

Matsumura (Walker)

Fungi
Beauveria bassiana (Bals.) Vuill. D. punctatus Pines China Successful control
Metarhizium anisopliae (Metsch.) Termites Eucalyptus | Australia Failed but still being

) researched

Viruses
Nuclear polyhedrosis virus Hyblaea puera T Teak India Still being researched
Nematodes

Steinermema feltiae (Filipjev) hZﬂztg:ra multistrigata Casvarina China Successful control




Attempts at using microbial agents in the
tropics against forest pests are still in their
infancy. The focus, to date, has been on
microbial agents that can be applied as
biopesticides. South Africa and China (see
Table 1, page 4) are both researching the use of
the bacterium Bacillus thuringiensis for the
control of lasiocampid and lymantriid
defoliators (Anon. 1993a; 1993b); China is also
investigating the use of a Japanese cytoplasmic
polyhedrosis virus for the control of D.
punctatus (Chen 1992). Unfortunately, the cost
of production of some of these microbes is
sometimes too high for their use to be
economical (Chen 1992; Anon 1993b).
However, recent advances in cheap production
techniques for native microbial agents has
opened up ways for these agents to be
augmented in a practical and economic way
(see Table 2, preceding page).

In India methods are being investigated for
utilising natural epizootics of a nuclear
polyhedrosis virus of the teak defoliator,
Hyblaea puera (Lepidoptera: Hyblaeidae), to
control the pest in areas where the virus is
absent (Nair, pers. comm.). These viruses can,
for example, be applied by ground spraying
crude aqueous suspensions of diseased insect
larvae. This method has been effectively

nematode. In China, the carpenter worm,
Zeuzera multistrigata (Lepidoptera: Cossidae),
causes damage to Casuarina trees by boring
into the bole of the tree. To control the moth, a
water suspension of the nematode Steinernema
feltiae is applied to the frass-ejecting holes
made in the tree by the pest (Xiao 1991).

In conclusion, the different techniques of
biological control that have been implemented
or are being researched for the control of native
tropical forest pests can be considered
encouraging. However, it seems that much
work still needs to be done to enable insect
agents to be properly utilised. Furthermore,
initial work with exotic microbes suggests that
production costs may limit the use of some
species.

Exotic pests

An examination of the dataset in BIOCAT and
additional literature indicated that projects for
biological control of exotic pests have involved
introductions of exotic insect natural enemies
only, and these have been mostly against pests
of saplings and mature trees. A summary of
these introductions of agents taken from the
BIOCAT database is shown in Table 3.

employed for the control of diprionid
sawflies in Canada (Cunningham and De
Groot 1980). Similar work is being

Table 3. Introduction of insect agents against exotic
tropical forestry insect pests

conducted in China for the control of Number of countries 20
lepidopterous defoliators (Anon. 1993b). Number of pest species 17
Research on Jocal fungal pathogens for the - of agent species imported 43

control of tropical forest insects is also

Number of separate introductions of agents of all species | 59

being conducted in some countries; these
pathogens can very often be cheaply

Number of establishments 20

produced using local raw materials. For
example, in China, aerial applications of a
local strain of Beauveria bassiana have been used
to control outbreaks of Dendrolimus punctatus.
A mortality of 42% to 92.9% of larvae in the
field was achieved (Anon 1993b).

The fungal pathogen Metarhizium anisopliae is
being investigated in Australia for the control
of termites on eucalypts. Initial trials were not
successful (Hanel and Watson 1983), but a new,
more pathogenic, isolate of the fungus has now
been selected and is being field tested (Milner
1992). There is one example where successful
control has been achieved by the use of a

Data from BIOCAT: Greathead and Greathead (1992)

The figures in Table 3 reflect the facts that some
pests are present in more than one country, and
that, in some countries, several agent species
have been introduced against a single pest
species. A high proportion of agent
introductions has been made in Africa and the
surrounding islands; in contrast, very few
introductions have been made in Latin
America. Of the 59 introductions, 20 (34%)
have resulted in the establishment of the agent.
This figure disregards whether or not the agent
also brought about, or contributed to, the
control of the pest in question.



Of course, of more importance to the current
analysis is the success rate of projects on a pest-
country basis; i.e., whether or not a particular
pest in a country has been successfully
controlled by the introduction of one or more
agent species. Table 4 shows that a total of 35
projects have been undertaken.

Table 4. Outcome of introduction projects against exotic
pests on a pest-couniry basis

Number of projects 35
Number of successful projects 15
Number of unsuccessful projects” 9

Number of projects where state of pests (i.e., controlled or

not controlled) is unknown "

Percentage of successful projects where outcome is known | 62.5%

*Some agents may have established in these projects but not brought about control
of pests. Data derived from BIOCAT: Greathead and Greathead (1992)

Of these, the outcomes are unknown in a high
proportion (31%) of cases. Where the outcome
is known, approximately 62% of introduction
projects can be counted as successful.

Some examples of particularly successful
introduction-type biological control projects
against exotic tropical forestry pests are
summarised in Table 5.

Table 5. Examples of successful introduction projects against exotic tropical forestry insect pests

Agents Tree Agent Country Reference
Cinara cronartii Tissot & Pepper Pines Pauesia cinarovora Marsh South Africa | van Rensburg (1992)
Coniperus scutellatus Gyllenhal Eucalypts |Anaphes nitens (Girault) Kenya Greathead (1971)
South Africa
St. Helena
Madagascar
Mauritius
Orthesia insignis Browne Ornamental |Hyperasis patherina Kenya Greathead (1971)
Trees (Fursch) Tanzania
Pineus sp. Pines Leucopsis tapiae Blanchard Uganda Culliney et al (1988)
Trachymela tincticullis Blackburn | Eucalypts |Enoggera reticulata Hawaii Tribe (1992)
Naumann South Africa




In an analysis of all BIOCAT records The insect agents used in introduction projects

(agricultural and forestry), Greathead and against tropical forest insect pests have most
Greathead (1992) showed that the Homoptera  been species from the orders Hymenoptera and
have been the most frequently targeted order Coleoptera (seeTable 7). This is consistent with
for the introduction technique. Itis within this ~ more general analyses of natural enemy

order that most successes (success being introductions (Greathead and Greathead 1992).

judged on the basis of the number of cases
where the introduction of an agent resulted in
control) have been achieved. Unfortunately, the
dataset on introduction against tropical forest
insect pests is not large enough to conduct a " of Number of | Number of
similar, meaningfu] analysis. Further rder species introductions
examination of the dataset indicates, however,
that most introductions (see Table 6) have been
focused on pines, eucalypts, and Leucaena. Neuroptera 1 5
This is because tree species within these genera
have been widely planted throughout the
tropics and have, therefore, attracted more pest Coleoptera 14 o5
species than other tree genera.

Table 7. Agents used in introductions
against tropical forestry insect pests

Hemiptera 5 6

Diptera 5 8

Hymenoptera 14 20

- - Data from BIOCAT: Greathead and Greathead (1992)
Table 6. Introduction of agents against

exotic insects in relation to tree genera A summary of some less successful
introduction projects is shown in Table 8

Pines 7 (bottom of this page).
Eucalyptus 9

All of the less-successful cases concern
Leucaena 10

homopteran pests. In the first three, successful
Other (some 7 genera) 23 control of the pest has been achieved in
another part (or several other parts) of the
world. Possible reasons for failure in the
particular instances listed seem to include the
selection of an inferior agent or an inadequate
release method. In the case of the project
against Orthezia insignis in Malawi, the actual
success of the project is somewhat in dispute,
largely because the impact of the agent,
Hyperaspis patherina, was inadequately
monitored (Greathead 1971).

Data from BIOCAT: Greathead and Greathead (1992)

Table 8. Examples of 'unsuccessful' introduction projects against exotic tropical forestry insect pests

Pest Tree Agent Country | Reference Comments on project
Heteropsylla cubana | Leucaena | Curinus coeruleus India Jalahi & Singh (1989) Try another agent?
Crawford Mulsant Indonesia | Waterhouse & Norris (parasitoid)

(1987)
Icerya purchasi Pines Cryptochetum iceryae | Sao Tome Greathead (1971) Try another agent?
Maskell Williston India Rao et al (1971) [Rodolia cardinalis
(Mulsant)]
Orthezia insignis Ornamentals | Hyperaspis patherina Malawi Greathead (1971) Success/failure in
Browne (Fursch) dispute. Precise
monitoring required.
Pineus ?boerneri Pines Leucopis spp. Kenya Owuor (1991) Agents successful
Annand elsewhere. New
release method
required.




In summary, it seems that the introduction
approach for exotic tropical forestry pests has
been a particularly successful strategy. An
examination of “failed” projects has indicated a
number of reasons why these projects might
have failed, but none of the problems
identified pose a constraint on the further use
of the introduction technique. One
shortcoming of past work, though, is the large
number of projects where the results of the
releases are unknown.

Discussion

Native pests of tropical plantation trees are
extremely numerous in many parts of the
tropics. In some regions, notably Asia, some
species are regional in distribution and cause a
vast amount of damage to their host trees. It is
ironic, therefore, that so little work on
biological control has been undertaken. Given
that the different methods of biological control
implemented against some of these pests show
much promise, there is a vast opportunity to
apply these techniques to other forestry pests
throughout the tropics. The use of exotic insect
agents for the control of native pests is, in itself,
an under-exploited technique, but in principle
has great potential (Carl 1982). Clearly, though,
more emphasis needs to be placed on agent
selection. The opportunity for developing the
use of local microbial agents (for example,
fungal pathogens) also looks promising, but
given that these agents have to be mass
produced before application, their use over
large forested areas may be limited. They may
have more potential for the control of pests of
seedlings or pests of trees grown in small
woodlots such as in agroforestry systems. Such
an approach may also be useful for the control
of exotic pests in these systems. Examples of
native pests where urgent work on their
biological control is needed include: the teak
defoliator (Hyblaea puera), the teak skeletonizer
Eutectona machaeralis (Lepidoptera:
Pyraustidae), and pine shoot borers, Dioryctria
spp- (Lepidoptera: Phycitidae), in Asia; and the
pan-tropical mahogany shoot borers (Hypsipyla
spp.) and termites of various species (Isoptera:
Macrotermitinae) which are problematic
throughout the tropics. -

Workers on the biological control of native
pests face several major challenges. First, there
is an increasing need for biological control to
be integrated with silvicultural and tree-
breeding approaches to pest control; in other
words, for biological control to become part of
an integrated pest management (IPM)
approach to pest problems. Reasons for this
are:

1. Very often different approaches to pest
control run tangetially to one another,
which results in conflicting advice about
which strategy should be best adoped for
a particular pest problem.

2. Some siivicultural practices and some
resistant tree types can be detrimental to
insect natural enemies (Hebert et al. 1989;
Speight and Wainhouse 1989). For this
reason alone, it is necessary to integrate
research projects that focus on different
techniques.

3. Some degree of resistance within a tree
species, together with the right
silvicultural practices and the
introduction and /or augmentation of
natural enemies, may provide acceptable
levels of control where any one method
alone is not effective by itself (Speight
and Wainhouse 1989).

Second, although introduction and
augmentation strategies appear attractive for
the control of native pests of tropical
plantations, these activities are, nonetheless,
reactive; i.e., action is only taken once a
problem has developed. A better goal might be
to try to prevent the risks of native pest
outbreaks from occurring in the first place
through the conservation of natural enemies.
This subject has received little attention in
forestry. '

Many opportunities exist for the further use of
the introduction technique for the control of -
exotic pests. Some initiatives are already
underway. For example, two regional pests of
conifers in southern and eastern Africa, the
cypress aphid, Cinara cupressi, and the pine
woolly adelgid, Pineus ?boerneri (Homoptera:
Adelgidae), are the subjects of a regional
classical biological control project being
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undertaken by CABI-Bioscience (formerly
1IBC) (Murphy et al. 1994). Other examples
include projects against the neem scale,
Aonidiella orientalis (Newstead) (Homoptera:
Diaspidae), in Nigeria, and the leucaena
psyllid, Heteropsylla cubana, in East Africa.
However, much more remains to be done. For
pan-tropical pests, insect agents that have been
successfully employed in one region or
continent could be transferred to other regions
where the pest remains uncontrolled. For
example, the wood wasp, Sirex noctilio
Fabricius (Hymenoptera: Siricidae), has been
successfully controlled in Australia by the use
of a nematode and ichneumonid parasitoids
(Berryman 1986). Sirex noctilio is still, however,
a major problem in many pine-producing
countries in South America (Pedrosa-Macedo
1990). Although some agents have been
introduced into Brazil and Uruguay for trial
(Vibrans 1991), efforts need to be made to
introduce all of the agents that are known to be
important; otherwise the successful control of
the wood wasp is unlikely to be achieved.

There are also several exotic pests which are
excellent targets for biological control through
the use of insect natural enemies against which
no action seems to be have been taken. The
reasons for this are unclear, but one reason
might be that the impact of these pests on their
tree hosts has not been quantified. Examples
include the Australian eucalyptus psyllid,
Ctenarytaina eucalypti (Maskell) (Homoptera),
in Africa (Kenya Forestry Research Institute,
unpublished data), the North American
scolytid bark beetles, Ips calligraphus (Germar)
and Ips grandicollis Eichhoff (Coleoptera), that
attack pines in Jamaica (Garraway 1986), and
pyralid shoot borer, Rhyacionia frustrana
(Comstock) (Lepidoptera), that originates from
the eastern USA and attacks pines in Central
America (Ford 1986). All of these species, apart
from I. calligraphus, have been or. are currently
the subjects of very promising biological
control projects in temperate regions.

Another opportunity that may be appropriate
to the introduction approach relates to the use
of mirobes. To date, the focus of introduction
projects has been on the use of insect agents,
mostly hymenopterous parasitoids and
coccinellid beetles. However, recent research
has demonstrated the potential of microbial
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agents for the control of insect and other pests.
Some of these agents, e.g., entomophthoralis
fungi, are particularly suitable for the
introduction approach because they do not
need to be mass cultures. These fungi may be
useful against forest pests such as aphids or
defoliators. Consideration should also be given
to the possible augmentation of local microbes
against exotic pests of seedlings.

A number of challenges exist which future
introduction projects against exotic pests need
to take into account. For example, although
this technique has been very successful, an
analyses of “failed” projects has indicated that
improvements in the success rate of projects
might be made if greater effort were put into
factors such as agent selection and the
monitoring of releases. Pschorn-Walcher
(1977), in a review of the introduction
approach in forest insect pest management,
argues that pre-introduction studies on agents
for the control of these types of pests are
particularly appropriate, because of the
complex nature of the structure and diversity
of the natural-enemy complexes associated
with forest insects. Besides this, the fact that
the results of a high proportion of introduction
projects are unknown suggests that a much
greater effort needs to be channelled into the
monitoring of releases. In addition to these
points, and as already discussed for native
pests, there is an increasing need for the
introduction approach to be integrated with
silvicultural and tree-breeding approaches to
pest control.

In conclusion, tropical plantations, large and
small, are important to the economies of many
countries and to the livelihoods of rural
people. In many instances, the plantations have
been established or developed with the
support of international funding, and thus
cheap and efficient ways must be found to help
protect these man-made forests against the
invasions of insect and other pests. On the
basis of general considerations and
examination of the records of the use and
outcome of biological control in tropical
forestry, we suggest that this method of control
is appropriate for the management of many
native and exotic insect pests. However, there
is a need, in some instances, to integrate
biological control with other methods of



control. For native pests there is also a need to
look more closely at the conservation of natural
enemies so that pest management for this
group of pests becomes more a proactive rather
than a reactive exercise.
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Sirex management: Silviculture, monitoring,
and biological control (an introduction)

John Madden

Although the subject of this workshop is
“Training in the Control of Sirex noctilio by the
use of parasitoids”, nematodes play a
complementary role, and the rigorous
execution of silvicultural practices and
management at the correct time is necessary. It
is appropriate therefore to reflect on the early
attempts to control Sirex within the context of
the host tree and the dynamics of Sirex
infestation and outbreak behavior. This
discussion is extended to highlight key
strategic aspects of Sirex management which,
in practice, are considered more fully in
subsequent contributions.

A number of hypotheses have been advanced
as to the cause of Sirex outbreaks. Rawlings
and Wilson (1949) feature the incidence of
drought and tree suppression as causal factors.
These authors also stress the importance of
sound silviculture. In a review of major
outbreaks in Australasia, Madden (1988) found
that most outbreaks were characterized by
managerial or environmental events which
preceded the damage attributed to Sirex and
which negatively affected plantation
performance at the individual tree level. Such
events included thinning and harvest
operations during the Sirex flight season, fire
(in the case of outbreaks at Mt. Gambier), and
wind damage, as experienced at two sites in
Tasmania.

The capacity of the host tree, Monterey pine
(Pinus radiata D. Don), to progressively reduce
the activity of its physiological systems to basal
metabolic levels in response to increasing soil-
water deficits (Rook et al. 1976) strongly
suggests that drought per se is not a causal
factor. The response of the tree to either
progressive drought or low availability of
water due to intense root competition in
overstocked stands is an adaptation which

favours survival during periods of
environmental stress.

But the weakening effects of fire or the
accumulation of slash resulting from thinning
or harvesting operations during the Sirex flight
season, and excessive damage and slash arising
from forest operations during the flight season,
can provide a supply of host material suitable
for Sirex larval development. In addition, the
occurrence of high-intensity rainfall over a
short period of time can briefly terminate the
period of aestivation, which, in the absence of
any immediate compensatory mechanism,
results in acute physiological stress to
individual trees, and renders them attractive to
attack, inoculation with both mucus and
Amylostereum arthrospores, oviposition, and
tree death. Such conditions are aggravated in
unthinned stands. The process can be
simulated experimentally by high girdling,
herbicide poisoning, or the injection of the
Sirex mucus into living trees.

In the presence of an abundance of suitable
host material, a Sirex population will grow, and
as numbers of horntails increase, any latent
resistance can be overcome by the mucus. This
renders a tree attractive to Sirex infestation
within and between seasons. An infestation
may remain undetected for some time, after
which the momentum generated by numbers
and the availability of hosts will result in an
epidemic outbreak of tree deaths. The epidemic
outbreak is limited only by the absence of
suitable host material.

Given the above scenario, which applies in fact
if not necessarily in detail, what strategy is
most appropriate to develop and implement
for Sirex control?

The plantation is a resource that can be located
and exploited by Sirex females either arising
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from infested material or migrating from a
previously infested area. Exploitation
generates numbers of horntails which then
exert pressure on the plantation estate. If this
estate has many units, e.g., several unthinned
stands, then ultimately the numbers of insects
produced will increasingly exert greater
pressure via the mucus effect and overcome
more and more trees. The outbreak will end
only when the supply of susceptible trees is
exhausted.

But if the plantations are properly pruned and
thinned, the availability of suitable resource for
exploitation by Sirex will be lacking, and the
reproductive and inoculation potential of the
horntail will be restricted. Trap trees can affect
localized and known units of infestation that
can either be destroyed or utilized for
production of parasitoids and nematodes.
These agencies, in turn, will add to the general
environmental resistance to increases of S.
noctilio, and collectively to the containment of
pest numbers to sub-economic levels.

An operational strategy should address the
following points:

1. Ensure tree health through good site
selection and preparation, use of proven
seedling stock, and attending to pruning
and thinning schedules so as to attain a
height/diameter ratio consistent with
optimum tree growth and form.
(Attention to these qualities is of
fundamental importance to any strategy,
for they maximise the potential resistance
of individual trees, which, in turn, acts to
retard Sirex increase.)

2. Plantation areas should be systematically
monitored for their health, particularly
after periods of strong winds, rains, and
other catastrophic events.

3. Frequent estimates of tree growth (e.g.,
diameter increments) should be made, to
relate short-term changes with respect to
environmental variables, particularly
rainfall and levels of available soil water.
(Such an activity would provide
invaluable information on intra- and
inter-site differences, infestation/
infection levels of pests and diseases, and
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overall stand performance. At the same
time it would remove much of the
conjecture as to the possible cause of
outbreaks.)

4. Trap trees should be established even in
the apparent absence of the pest. These
trees should be carefully examined on a
routine basis. (Much remains to be
learned about the dosages of herbicides
required for different tree sizes and the
rate of tree morbidity, for these factors
relate to the drying out of the tree, which
in turn impacts on the suitability of the
tree as a resource for Sirex and, in turn,
for the parasitoids and nematodes.)

5. Parasitoids and nematodes should be
established and sustained to supplement
the resistance delivered by good
silvicultural management.

6. Ideally, operations should be executed
neither during the Sirex flight season nor
in the period immediately preceding it
(Spring-Summer). If operations must
proceed at these times, then all slash must
be buried, destroyed, or removed, and the
areas must be closely monitored and
sampled for possible invasion by Sirex.
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Overview of Sirex control and development of
management strategies in Australia

John Madden

Sirex noctilio F. has caused economically
significant losses of Monterey pine, (Pinus
radiata D.Don) trees in New Zealand and
Australia. It was discovered in plantations of
loblolly pine (P. taeda L.), slash pine (P. elliottii
Engelm.), and P. radiata in Uruguay in 1980
and, more recently, in Argentina and Brazil; it
is a current threat to the pine forests of Chile. It
was also detected in pine stands near
Capetown, South Africa, in 1990.

A review of specific instances of economic loss
of trees attributable to Sirex indicates that
outbreaks are most often characterized by lack
of attention to three basic operational events:
adherence to thinning schedules, regular
monitoring of the plantation estate, and, once
its presence is detected, the early introduction
and establishment of natural enemies, notably
entomogenous nematodes and parasitoids.

Initial attack and tree mortality occur most
often in unthinned and generally neglected
stands. Initial detection is often delayed until
the infestation has expanded to the extent that
tree mortality, and its cause, are obvious. If the
introduction and release of natural enemies is
left too long, their capacity to increase and
disperse in time to affect the infestation is
limited. Consequently tree mortality may
continue to increase until the supply of
susceptible trees is exhausted; only then can
the Sirex population be said to be under
control.

Summary of attempts
undertaken in Australasia to
control Sirex noctilio F.

New Zealand

Outbreak. Although Sirex noctilio was detected
in Canterbury in 1900, it was not until the late
1920s and, in particular, 1946 to1951, that its

destructive potential was recognized, when 30
percent of a 120,000-hectare P. radiata estate
was destroyed.

Response. Introduction of the parasitoids Ibalia
leucospoides (Hochenwarth) and Rhyssa
persuasoria (Linnaeus) occurred during 1928
through 1929, and in 1931, using the services of
the then Imperial Institute of Entomology (later
the Commonwealth Institute of Biological
Control and now the International Institute of
Entomology).

Outcomes: Rhyssa persuasoria sent as adults
were directly released into the field and
became established. In contrast I. leucospoides,
dispatched as parasitized host larvae, were
severely weakened during the sea transport
from England, and few survived. Successful
breeding and release of this species did not
occur until 1950-1951. Initial releases were
confined to the Canterbury Plains area, with
subsequent introduction into forests in the
Kaingaroa area during the 1940s. Their
presence did not affect the outbreak which
developed in both districts from attack on
predominantly unthinned stands. The Sirex
nematode was discovered in the early 1960s.

Australia: Pittwater, Tasmania, 1952

Outbreak: Sirex noctilio was detected in an
1,100-hectare P. radiata plantation, with
mortalities within compartments ranging from
30 to 80 percent.

Response: Federal authorities attempted to
eradicate the pest and quarantine the export of
pine products from Tasmania. The Tasmanian
Department of Agriculture imported and
released Ibalia leucospoides and Rhyssa
persuasoria from New Zealand.

Outcomes: The eradication attempt failed, as
top branches were not destroyed and served to
provide refuge for developing larvae. Salvage
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operations based on “felling from the top” (i.e.,
the exclusive removal of the more dominant
trees) damaged understory trees and provided
ideal host material for Sirex emergents. The
local pine industry was handicapped for nine
years by quarantine restrictions.

Australia: Mornington Peninsula, Victoria,
1961-1962

Qutbreak: S. noctilio was discovered in P.
radiata windbreaks.

Response: The Commonwealth government
immediately formed the National Sirex Council
and implemented a two-part strategy of
“search and destroy” in Victoria and research
in Tasmania. Research objectives were
addressed by the Commonwealth Scientific
and Industrial Research Organization (CSIRO),
Division of Entomology, Forest Research
Institute (now CSIRO Division of Forestry) and
the Waite Agricultural research Institute of the
University of Adelaide. General research
projects areas were:

* CSIRO: Biological control and the biology
and behavior of Sirex and its natural
enemies

* FRI: Silviculture, tree breeding, and
resistance

* Waite: Fungal taxonomy and chemical
control

Outcomes: The “search and destroy” strategy
was conducted in Victoria from 1962 to 1974.
Initial activity was based on a high level of
ignorance of the basic insect/host-tree
problem. Indiscriminate felling and the
destruction of non-host trees was followed by
public indignation. Sirex occurrence continued
to expand. The need for a biological control
strategy was recognized in early 1972, when
mass-breeding facilities for parasitoids and
nematodes were established within the Keith
Turnbull Research Laboratory at Frankston,
Victoria. The demand for biocontrols
intensified at the time of the Delatite outbreak
of 1979, and the discovery of Sirex in South
Australia in 1980 and New Wales in 1981.
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By the mid 1970s a considerable number of key
research findings had been achieved, including
identifying the symbiotic fungus; discovering
factors influencing host-tree attractiveness and
susceptibility; describing the basic biologies,
behaviors, and ecologies of Sirex and key
parasitoids; and identifying the Sirex
nematode. In application, the impact of the
parasitoids and the nematode on field
populations of Sirex had been assessed;
parasitoids had been released; trap trees had
been established in Victorian forests; and mass
culture of nematodes had been achieved.

In 1977, the National Sirex Council was
disbanded. The Pests and Diseases Committee
of the Australian Forestry Council was formed
in its place. Formal research terminated in
1978, with monitoring and local projects being
conducted and funded solely by state agencies.
For example, attempts to control the Delatite
outbreak in Victoria in 1979 were directed
toward increasing the effectiveness of
biocontrol agents, and nematodes were
introduced into plantations at Dartmoor,
Western Districts, Victoria.

Australia: Mt. Gambier and districts in South
Australia, 1980-1991

Outbreak: In 1980, Sirex was detected in major
pine plantations at Mt. Gambier, South
Australia, and parasitoids were introduced into
the then small areas of infestation between
1980 and 1984.

Response: Infested trap trees were inoculated
with nematodes in 1985. In 1986 Sirex was
increasingly detected throughout the adjacent
areas of southeast South Australia and
southwest Victoria, and, in increasingly larger
numbers, in unthinned plantations older than
10 years.

Outcomes: Despite the introduction of both
parasitoids and nematodes, an estimated 1.8
million trees were killed each year in the
“Green Triangle” in 1987 and 1988. By 1989,
Sirex had spread to forests adjacent to the state
capital, Adelaide. The cost of attempts to
control Sirex ranged from A$1.3 million in 1987
to greater than A$100,000 in 1989. The financial
loss in royalties alone during the peak two



years of the outbreak was approximately A$5-
10 million.

These damaging outcomes in South Australia
were influenced by poor aerial monitoring
efficiency, poor interpretation and
qualification, and the lack of on-ground
inspection and verification. In addition, the
nematode's effectiveness had declined in mass
culture because of a reduction in the quality of
its fungal food substrate. In some instances,
nematcde parasitism had fallen from 90 plus to
less than 40 percent. Consequent to these
events, the Australian Forestry Council
convened a National Sirex Coordination
Committee to address the inadequacies of
previous attempts to control Sirex by
developing a national strategy that would be
subject to annual review. The strategy was
released for augmentation by the forest
industry in winter, 1990. The essential elements
of the strategy are paraphrased at the end of
this document and are detailed in the
following document: Haugen, D. A.; Bedding,
R. A.; Underdown, M. G.; Neumann, F G. 1990.
National strategy for control of Sirex in
Australia. Australian Forest Grower 13(2). 8 p.

In summary, most Sirex outbreaks in
Australasia have occurred in 15-to-20-year-old,
unthinned, and heavily overstocked (more
than 16,000 to 17,000 stems per hectare)
plantations, the result of delayed thinning
schedules caused by either poor management
or depressed markets for the resource. In
addition, the lack of rigorous and sustained
monitoring of forest health and its relationship
to weather effects has led too often to delays in
implementing concerted control attempts. In
almost all instances the introduction of

- biological control agents did not occur until
after significant economic loss of trees had
occurred. The following outline summarizes
the essential elements of a general Sirex
management strategy with specific details as it
applies to Australia, being found in Haugen et
al. (1987)

Essential elements of a Sirex
control strategy

Prior to detection of Sirex, forest health
procedures should be in place, i.e., quarantine,
appropriate thinning, monitoring, and training
of operations personnel. If Sirex is known to be
present in districts adjacent to forest areas, then
trap trees should be established three to four
weeks before the Sirex flight season is
expected.

Following Sirex detection, these procedures
must be adopted:

1. Map and monitor tree mortality.
2. Prioritize a thinning program.
3. Intensify trap-tree establishment.

4. Release any cultured or field-collected
parasitoids in areas of known Sirex
infestation.

5. Increase nematode production for
subsequent field inoculation strategy
involving both naturally attacked and
trap trees.

6. Confirm parasitoid establishment, and
determine effectiveness of existing
biocontrols.

These procedures should be ongoing:

1. Monitor Sirex activity in plantations by
means of surveys and trap trees.

2. Evaluate the status of parasitoids and
nematodes.

3. Supplement existing levels of parasitism
by the culture and release of biocontrol
agents.

4. Review culturing procedures for both the
Sirex fungus and the nematode; assess the
performance of the latter at regular
intervals.
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Practical aspects of Sirex control

John Madden

Attempts to control Sirex noctilio will be
successful only if all forest managers pay full
attention to the following key aspects:
silviculture; monitoring of tree survival; and
the introduction, release, and evaluation of
biocontrol agents.

If plantation establishment is based on the use
of healthy seedlings of the appropriate
cultivars in medium-to-high quality, fertile
sites, then good potential growth is ensured.
However, the original plantation design should
also include a programme for different cultural
events, e.g., fertilizer regimes, weed control,
and schedules for pruning and thinning. The
decision to prune or thin must be based
primarily on the goal of maximizing future
growth and yield. It should not, if practical, be
delayed or postponed solely on the basis of
marketing convenience. Consequently, forest
managers must endeavor to convince senior
management of the potential risk of
compounded financial loss if the silvicultural
programme is not strictly adhered to and if
overstocking continues.

Secondly, all operations personnel must be
convinced of the importance, with respect to
forest health, of early detection of Sirex and
other pests and diseases. Early detection can
only be achieved through a regularized and
efficient monitoring system. For example, a
plantation estate can be divided into a number
of zones on the basis of accessibility, and
individuals can be given responsibility for
systematic inspection of and reporting about
those zones. Conveniently sized inspection
blocks containing a minimum number of at
least 100 trees should be established at an
intensity of four to five blocks per 100 hectares.

Following detection of Sirex, a network of five
to ten "trap” trees can be established
conveniently within each inspection block of
trees throughout each estate or zone, to
provide the potential foci for Sirex attack at
known locations.

After Sirex attack has taken place, the infested
trap trees and any other trees in the immediate
vicinity can be exploited for propagation of the
Sirex nematode, Beddingia (=Deladenus)
siricidicola, and as specific sites for the release
of parasitoids. Every detection should be
followed by a concerted inspection of all trees
within and between each site to obtain an
appreciation of the incidence of attack and tree
mortality.

It is imperative that both nematodes and
parasitoids be introduced as soon as possible
after the initial detection of Sirex , to
immediately reinforce any existing natural
control, such as increased vigour of trees
following thinning, or the predatory effects of
any indigenous avian or insect fauna. Early
introduction of natural enemies is essential if
the increase and dispersal of Sirex is to be
suppressed and contained.

The following sections summarize the

methodology of "trap" tree establishment and
the evaluation of biological control.

Value of trap trees

The benefits of trap trees are:

¢ they allow the early detection of stand
infestations

* they provide a known resource for the
introduction of biocontrols

* they permit convenient evaluation
* they are readily located

Trap trees should be located in 10 to 20
unthinned or damaged stands using five to
nine tree plots, four to five plots per 100
hectares. Location will vary with respect to
specific objectives.
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The methods for establishing trap trees are as
follows. Trees 15 to 20 centimeters diameter at
breast height (dbh) should be pruned of all
branches up to a convenient height; a strip of
bark-phloem two centimeters wide should be
removed from below the remaining branches.
Trees so treated become attractive to Sirex ten
to twelve days after establishment. Through
root grafting, these trees can remain attractive
to the horntails for weeks.

Similarly, trees can be injected with herbicides
such as Dicamba or Triclopyr at two cubic
centimeters per ten centimeters of
circumference. Ensure that drill holes are
directed tangentially, to maximize uptake in
the outer sapwood. These trees are best
established six to eight weeks prior to Sirex
emergence. As the tree is killed by this method,
the period of potential attractiveness is less
variable than that of the surgical girdling
method.

Evaluation of Sirex
biocontrols

The objective of Sirex biocontrol evaluation is
to determine the distribution and abundance of
biocontrols in different stands and localities.

Biocontrol evaluations should preferably be
located in areas of known parasitoid and
nematode release, in order to determine
establishment success. Areas adjacent to and
remote from known areas of release should be
sampled to assess the dispersal dynamics of
both parasitoid- and nematode-infected Sirex
females.

The following methods should be followed to
evaluate nematodes.

1. Remove wood blocks five centimeters by
five centimeters by two centimeters, with
and without oviposition lesions, with a
chisel or axe. Place the blocks in
individual airtight plastic containers and
store them in a cool box. At the
laboratory, remove the block from the
container, peel off the bark, and stand the
block in a Petri dish containing clean
water, with cut surfaces immersed.

24

2. Soak the blocks for 24 to 48 hours; decant
the water to ca. 10 to 15 cubic centimeters,
and examine for nematodes, using a
binocular microscope at 40 x.

3. Examine the posterior ventral surface of
mature larvae beneath a microscope for
minute melanized lesions caused by
invading infectives.

4. Dissect emergent Sirex adults to examine
the testes of males and the ovaries of
females.

The following methods should be used to
evaluate parasitoids.

1. Attach fly-wire screen cages (0.2cm mesh)
to infested trees.

2. Hold infested billets in insectary cages
after end-coating them with mastic to
retain their original moisture levels.

3. Alternatively, hold shorter billets laid
horizontally in metal drums of 200-liter
capacity, covered with plastic mesh
attached to the drum's rim with packaging
tape. The mesh should be fitted with a
central access slit in the form of a zipper or
Velcro™ hook-and-loop cling strap.

Note: Ensure that the billets are not in direct
contact with soil, that drums have sufficient
incline to prevent accumulation of water, and
that all containers are examined frequently for
the presence of spiders and any other limiting
factor.
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Indigenous Siricid spp. parasitoid
communities and principal biological control
agents of Sirex noctilio in Australasia:

a review

Sean T. Murphy

Introduction

Sirex noctilio F. (Hymenoptera: Siricidae), which
is native to southern Europe, North Africa, and
southern parts of the Near East, first appeared
as an exotic pest of pine plantations in
Australasia in the early 1900s (Nutall 1989).
Since then, its worldwide range has expanded.
It invaded South America through Uruguay in
1980 and spread to Argentina (1985) and Brazil
(1988) (Ciesla 1993); it has also invaded South
Africa, entering via the Cape in 1994 (Tribe
1994).

Soon after S. noctilio invaded Australasia, New
Zealand and Australia set up a classical
biological control project. One of the main
purposes of the project was to survey for and
select host- or genus-specific parasitoids from
the area of origin of the pest. In addition,
surveys were undertaken on other, closely
related pine-feeding horntails on other
continents to establish the full range of
potential agents available. Thus, the survey did
not restrict itself to the “old association”
hypothesis that closely evolved natural
enemies are likely to be the best control agents.

In view of the seriousness of S. noctilio in
Brazil, Uruguay, and now in South Africa,
classical biological control programmes are
being set up in these countries to curb the
spread of S. noctilio and reduce the damage it
causes. Here I will summarise the results of the
surveys for natural enemies conducted for the
Australasia project; the initial assessment of
parasitoid species on S. noctilio; and those
species found to be good biological control
agents after release. Most of this information
can be found in Taylor (1976).

Siricid parasitoid
communities

In its native environment, S. noctilio is not
considered a serious pest. Thus when this
species first invaded Australasia at the turn of
the century, little was known about the ecology
of this species or of closely related species.
Likewise, little was known about the natural
enemy communities associated with these
insects (Berryman 1986).

New Zealand was the first country to request
parasitoids, and between 1928 and 1952, two
species (Rhyssa persuasoria persuasoria (L.)
(Ichneumonidae) and Ibalia leucospoides
leucospoides (Hochenwarth) (Ibaliidae) were
collected by the International Institute of
Biological Control (IIBC, formerly CIBC, now
CABI-Bioscience) from S. noctilio in the U.K.
and shipped to the Forest Research Institute
(FRI) in New Zealand (Nuttall 1989).

After the discovery in 1961 of S. noctilio in the
state of Victoria, on the Australian mainland, a
coordinated research programme was initiated
in 1962 to search for and establish additional
exotic natural enemies. Staff of the CSIRO
Division of Entomology studied natural
enemies of S. noctilio in the European region,
Turkey, and North Africa. A Sirex Biological
Control Unit was established at Silwood Park,
Berkshire, U.K. for the study and quarantine of
siricids and their natural enemies (Taylor 1976).
CSIRO and IIBC collected siricids and their
natural enemies in other parts of the world.
Areas included: the Himalayan regions, India
and Pakistan, the USA (California, Nevada,
and the Southeast), Canada (New Brunswick)
and Japan. One collection was made in Canada
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(Vancouver) by Dr. B. P. Beirne
(Taylor 1976). All siricids and
their natural enemies were also
sent to the CSIRO laboratory at
Silwood Park for study and
shipment to Australia. In order to
receive parasitoids, a Sirex unit
was established at Hobart airport,
Tasmania, where the species
received could be reared and
distributed to the Sirex-infested
areas of Australia; material for
New Zealand was sent direct
from Silwood Park, Tasmania, or
from IIBC stations. The search for
natural enemies in the northern
hemisphere was completed in
1972.

As mentioned earlier, the major
aim of the surveys in the northern
hemisphere was to collect all
insect natural enemy species
(including different populations
of some species) associated with
siricids in conifers from a wide
range of climates (Taylor 1976);
particular attention was paid to
Mediterranean-type climates
(Kirk 1974).

The results of the surveys are
given in Table 1 (right).

Table 1 lists the species
compositions of the communities
in each of the regions. It is likely
that the number of species listed
for each country /region is a
function of sampling intensity
and the size of the region
sampled. The most common and
important species in all
communities are the ibaliids
(Hymenoptera: Ibaliidae), which

attack the eggs and early larval instars, and the
ectoparasitic ichneumonids, Rhyssa spp. and

Megarhyssa spp. (Hymenoptera:

Ichneumonidae), which attack the larger
larvae. These two groups of parasitoids
complement one another, because they attack

Table 1. Siricid parasitoid communities
(modified from Taylor, 1976)

Country/region

Species

Southwestern U.S.A.

Ibalia leucospoides ensiger
Ibalia montana

Ibalia ruficollis

Ibalia rufipes rufipes
Megarhyssa nortoni nortoni
Rhyssa alaskensis

Rhyssa hoferi

Rhyssa persuasoria persuasoria
Schlettererius cinctipes

Southeastern U.S.A.

Ibalia leucospoides ensiger
Megischus sp.

Pristaulacus ater

Rhyssa howdenorum

Rhyssa persuasoria persuasoria
Rhyssa lineolata

Eastern Canada

Ibalia leucospoides ensiger
Ibalia rufipes rufipes
Megarhyssa nortoni quebecensis
Rhyssa crevieri

Rhyssa lineolata

Rhyssa persuasoria persuasoria

Western Canada

Megarhyssa nortini nortoni

Europe and Turkey

Ibalia leucospoides leucospoides
Ibalia rufipes drewseni
Megarhyssa emarginatoria
Odontocolon geniculatus
Rhyssa amoena

Rhyssa persuasoria persuasoria

Ibalia leucospoides leucospoides

Morocco : ;
Rhyssa persuasoria persuasoria
India Rhyssa persuasoria himalayensis
Ibalia aprifina
Ibalia leucospoides leucospoides
Japan Megarhyssa praecellens

Rhyssa jozana
Rhyssa persuasoria persuasoria

leucospoides Hochenw. and I. drewseni Borries a
subspecies of I. rufipes Cresson (Kerrich 1975).

Finally, it is now known that Megischus sp.

their hosts at different times during their

development. It should be noted that Ibalia
ensiger Norton is considered a subspecies of I.
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(Hymenoptera: Stephanidae) and Pristaulacus
ater (Westwood) (Hymenoptera: Aulacidae) are
probably not parasitic on siricids.

The siricid parasitoid communities in Europe,
Turkey, and North Africa have been




particularly well studied (Spradbery anfi Kirk
1978). The host siricids located with their

individual parasitoid communities are shown
in Table 2 (modified from Spradbery and Kirk

1978).

Table 2. Host records of parasitoids of siricids (modified from Spradbery and Kirk, 1978)
Host Species
. " . Urocerus Xeris
Species Sirex noctilio | S. cyaneus | S. juvencus gigas U. augur | U. sah | U. fantoma spectrum
R. persuasoria + + + + + + + +
R. amoena 0 + + + + 0 0 +
M. emarginatoria 0 + + + + 0 0 +
1.1 leucospoides + + + + + + + +
I.r. drewseni + + + + + 0 0 +
O. geniculatum + + + + + 0 0

Most of these siricids attack species of Pinus,
Picea, Larix, Cedrus and Abies. Table 2 shows
that most of the parasitoids recorded are
polyphagous, but not all are parasitic on S.
noctilio. The phenology of parasitoid attack on
their hosts is as follows. [balia leucospoides
emerges in the summer and autumn to attack
Sirex larvae hatching soon after oviposition.
However, [balia rufipes drewseni emerges in late
spring to attack larvae in trees where the
hatching has been delayed (Spradbery 1970).
All the other parasitoids attack later stages of
the larvae. These species possess a long
ovipositor which is inserted through the wood
in order to reach the host.

The species within the parasitoid community
on S. noctilio coexist by exploiting different host
stages or by having a temporal distribution
pattern of attack. All species are widely
distributed throughout the region where their
host occurs, and some species (e.g, Rhyssa
persuasoria persuasoria) also have a more
extensive range in view of their wide host
range.

On the basis of the structure of the siricid
parasitoid communities found in Europe and
elsewhere, it was decided to try and establish
host- or genus-specific early and late larval
instar parasitoids.

Assessment of agents on
Sirex noctilio

All assessments of parasitoids on S. noctilio
from other siricid hosts were conducted at the
Sirex units at Silwood Park, U.K. and Hobart,
Tasmania (Taylor 1976) and/or at the Forest
Research Institute in New Zealand. A total of
21 species (including species collected from S.
noctilio) were imported for assessment and
rearing. Details of shipments and the numbers
received are reviewed by Taylor (1976) and
Nuttall (1989). Preliminary work (e.g.,
Spradbery and Kirk 1978) showed that some
parasitoid species are specific on host trees of
genera other than Pinus and/or the other host
siricids. Examples from Europe include
Megarhyssa emarginatoria Thunberg and Rhyssa
amoena Grav. Some other species of parasitoid
were found to attack S. noctilio in the
laboratory, but cultures failed because of poor
sex ratio problems. Examples here include
Rhyssa lineolata (Kirby) and Rhyssa alaskensis
(Ashmead).

33




As a result of these assessments on S. noctilio,
ten principal species (with subspecies and
geographic races) were reared in sufficient
numbers for trial field releases (see Table 3).

Ibalia leucospoides (subspecies leucosopoides and
ensiger) and Megarhyssa nortoni were the most
rapid colonisers. Rhyssa was slow to colonise.
Schlettererius cinctipes (Cresson) (Stephanidae)
was rare in areas where
the two ichneumonids

Table 3. Principal species of siricid parasitoids reared were present. Ibalia
in sufficient numbers for field release (see Taylor, }S]Pe;lest Ilmmllucef the
: ighest levels o
1976, for further details) parasitism (15% to 29%)
Species Stage attacked | Origin | inthe Australian
- - mainland, followed by
Ibalia leucospoides leucospoides | Egg/ Young larvae | Europe Megarhyssa nortoni (12%
Ibalia I. ensiger Egg/ Young larvae USA or less); Rhyssa
persuasoria failed to
Ibalia rufipes rufipes Egg/ Young larvae USA establish on the
- - mainland; however, in
Ibalia r. drewseni Egg/ Young larvae | Europe Tasmania, Megarhyssa
Megarhyssa nortoni nortoni Late larvae USA nortoni and Rhyssa
persuasoria were the most
Megarhyssa praecellens Late larvae Japan abundant parasitoids. In
: : New Zealand, parasitism
Late | ’
Rhyssa persuasoria persuasoria ate larvae Europe by Ibalia I. leucospoides
Rhyssa p. himalayensis Late larvae India and the rhyssines has
) been 70% or more. Taylor
Rhyssa alaskensis Late larvae USA (1967) provides a key to
Rhyssa hoferi Late larvae USA distinguish these
biological control agents
Rhyssa lineolata Late larvae Canada in the field.
Odontocolon geniculatus Late larvae Europe
Schlettererius cinctipes Late larvae USA
Major biological control References

agents

The ten parasitoid species selected as potential
biological control agents were directly field
released in Australia without further study;
some of these species were also released in
New Zealand. These releases have been
extensively reviewed by Taylor (1976) and
Nuttall (1989). Five of these species became
established in the field in various parts of
Australasia. These are: Ibalia leucospoides
leucospoides; Ibalia l. ensiger; Ibalia rufipes
drewseni; Megarhyssa nortoni nortoni; Rhyssa
persuasoria persuasoria; and Schlettererius
cinctipes.

34

Berryman, A. A. 1986. Forest insects: principles
and practice of population management.
New York: Plenum Press. 279 p.

Ciesla, W. M. 1993. Recent introductions of
forest insects and their effects: a worldwide
overview. In: Proceedings of the conferencia
regional de vespa da madeira, Sirex noctilio,
na América do Sul. Florianépolis, S.C.: 23-27
November 1992. Colombo, PR, Brazil:
EMBRAPA. 9-22.

Kerrich, G.J. 1973. On the taxonomy of some
forms of Ibalia Latreille (Hymenoptera:
Cynipoidea) associated with conifers.
Zoological Journal of the Linnean Society.
53: 65-79.



Kirk, A. A. 1974. Bioclimates of Australian
Pinus radiata areas and Sirex noctilio localities
in the northern hemisphere. Australian
Forester. 37:126-131.

Nuttall, M. J. 1989. Sirex noctilio F., Sirex wood
wasp (Hymenoptera: Siricidae). In:
Cameron, P.J.; Hill, R. L.; Bain, J.; Thomas,
W. P, eds. A review of biological control of
invertebrate pests and weeds in New
Zealand: 1874 to 1987. CAB International
Institute of Biological Control. Technical
Communication No. 10. Wallingford, UK:
CAB International. 299-306.

Spradbery, J. P. 1970. The biology of Ibalia
drewseni Borries (Hymenoptera: Ibaliidae), a
parasite of siricid woodwasps. Proceedings
of the Royal Entomological Society of
London. 45:104-113.

Spradbery, J. P; Kirk, A. A. 1978. Aspects of the
ecology of siricid woodwasps
(Hymenoptera: Siricidae) in Europe, North
Africa and Turkey with special reference to
the biological control of Sirex noctilio F. in
Australia. Bulletin of Entomological
Research. 68: 341-359.

Taylor, K. L. 1967. The introduction, culture,
liberation and recovery of parasites of Sirex
noctilio in Tasmania: 1962-67. Technical
Paper N°. 8. Australia: CSIRO, Division of
Entomology. 19 p.

Taylor, K. L. 1976. The introduction and
establishment of insect parasitoids to control

Sirex noctilio in Australia. Entomophaga. 21:
429-440.

Tribe, G. D: 1995. The woodwasp Sirex noctilio
~ Fabricius (Hymenoptera: Siricidae), a pest of
Pinus species, now established in South
Africa. African Entomology. 3: 215-217.



International cooperation regarding
quarantine procedures

Americo lorio Ciociola

With modern transportation, products can
move from one to the other side of the world in
a matter of hours. In the past, the migration of
species that cause harm to other regions of the
world and the importation of species useful for
biological control were uncommon. Today,
however, organizations that are efficient and
technically competent to confront the
challenges of the damage done by the
importation of exotic pests are essential.

Cooperation programs harbor such great
differences, resulting from personal interests,
or other interests not relevant to the program
itself, that they are like “tug-o-wars”. In an
effort to do their best, people get so involved in
their specific activities that they are not able to
see the overall direction that the cooperation
program is taking. Hence the importance of
having, in any cooperation program, actions
that are transparent, rapid, and that take into
account the interests of all involved parties. It
1s important to realize that cultural factors can
often slow down or even prevent the favorable
progress of cooperation programs in spite of
the sincere involvement of the parties. When
these factors are overcome, the resulting
actions are more objective, carrying real
benefits for all.

Cooperation begins with the will to cooperate.
No action between two organizations will be
successful if those involved do not want it to
be. It is also necessary to remember that
cooperation is much easier when the people
involved actively participate in the various
stages of the program, and do not merely carry
out the mandates formed by some
organization. Many programs are successful
simply because of people who are motivated
and very familiar with them.

Another factor that stimulates cooperation is
the existence of a common problem which is
difficult or impossible for one group to solve
alone. There is currently great difficulty
stopping the migration of potentially harmful

species around the world. Recent examples
include the introduction of Sirex noctilio F. in
Brazil and the green acaro that affects cassava
in Africa.

In order for action in cases of quarantine
procedures to be effective, a trained technical
body with an adequate number of people to
accomplish the many tasks of the process is
necessary. A key point in any traditional
biological control program is the exchange of
experiences among researchers from diverse
areas.

However, the mere existence of well-qualified
personnel does not assure the effectiveness of a
quarantine program. Quarantine laboratories
are a very important factor in the execution of
any such program. In addition, it is necessary
to have sufficient financial resources to allow
the proposed program to be fully carried out.
The lack of these factors has slowed down or
even ended traditional biological control
programs all over the world. Many times,
however, programs have not been successful
due to the lack of organization in the direction
of the work.

Any governmental action inevitably involves
bureaucracy intended to guarantee that
proposed actions are implemented, whether
they originate as laws, decrees, resolutions, or
administrative decisions. But when bureacratic
functions are not carried out efficiently, their
objectives are not reached within the proposed
time, causing great problems for program
administration as a whole.

What are the problems that prevent more
efficient cooperative action among countries?
First, a factor that is beyond the control of
quarantine technical experts is lack of
understanding of quarantine measures
among the general population. It is not rare
that tourists bring seeds or vegetables in their
luggage without knowing that they are
introducing exotic species that present great
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danger to the country’s agriculture. A
permanent educational program about
quarantines and their importance should be a
part of every citizen’s life, from primary
school, beginning with posters, leaflets and
other informative materials available at ports,
airports, and border posts.

Another problem that afflicts those that work
in the prevention of the entrance of exotic
organisms into their countries is the lack of a
sufficient number of quarantine laboratories
to attend to the demands of different countries.
In Brazil, the new quarantine laboratory Costa
Lima in Jaguariuna, Sao Paulo, was
inaugurated only recently, after more than ten
years of careful planning and searching for
resources for its implementation. Countries
that do not have this type of facility often use
those of neighboring countries, thus permitting
a more extensive cooperation in common
problems. However, the scarcity of qualified
personnel may often compromise the success
of these laboratories, which frequently lack an
adequate budget to function. In this last case, a
problem that is becoming common lately is the
low pay received by technical experts, which
decreases both their motivation as well as the
number of university graduates that choose
this exciting career.

Commercial interests often make quarantine
actions more difficult, as they are interested in
quickly resolving any problems regarding the
introduction of exotic species, often without
understanding the reason or being willing to
wait the time necessary to complete the work
to guarantee the safety of the introduced
material.

Two other factors can make international
cooperation in quarantine procedures difficult:
bureaucracy and suspicion. An example of the
first factor is that border patrols may demand
much bureaucratic paperwork when material
headed for quarantine laboratories is
presented, and an example of the second is the
suspicion that containers labeled as biological
material that should not be opened outside of
the laboratory in fact contain other types of
material. Sometimes, full investigations are
performed at airports aiming to guarantee the
nature of the introduced material, much to the
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dislike of the quarantine official anxiously
waiting to take it to the laboratory.

Even when quarantined materials are handled
appropriately, often the results leave much to
be desired. In some cases, the directly
interested person does not use all of the
imported material (as in the case of the tomato
moth), takes time to bring the material to the
laboratory and clear it (as in the case of the
coffee caterpillar), or the relatively low cost of
the process prevents greater care with the
imported material. In other cases, there is a
greater dynamism and use of the obtained
material, as with the case of the fruitfly in

Northeast Brazil.

As can be seen, cooperaticn is indispensable,
principally when dealing with regional
organisms. With MERCOSUL, for example,
much has already been done in the area of
plant protection. The creation of the Plant
Protection Committee of the Southern Cone
(Comité Fitossanitario do Cone Sul, COSAVE)
has resulted in a formidable force for
harmonizing existing standards in the various
member countries so as to permit a greater
agility in the treatment of actions to preserve
environmental quality and transport vegetable
and animal material across borders. COSAVE
unites organizations that deal with aspects of
plant protection in the member countries. As
such, Argentina is represented by the
Argentine Institute of Plant Health and Quality
(Instituto Argentino de Sanidad y Qualidad
Vegetal); Brazil by the Secretary of the
Agricultural Protection of the Ministry of
Agriculture (Secretaria de Defesa Agropecuaria
do Ministerio da Agricultura); Chile by the
Agricultural Service (Servicio Agricola y
Pecuario); Paraguay by the Department of
Vegetative Protection (Departamento de
Defensa Vegetal); and Uruguay by the Service
of Agricultural Protection (Servicio de
Proteccién Agricola). Representatives of these
organizations have been meeting regularly,
often in the form of work groups in specific
areas, in such a way as to build a set of norms
and procedures that, while respecting the
individuality of countries, harmonizes their
procedures to the benefit of regional
integration in the area of plant protection.
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The release and evaluation of parasitoids in
classical biological control projects: a brief

review
Sean T. Murphy

Introduction

Before the implementation phase of a classical
biological control project can be initiated,
where one or more exotic parasitoid species
have been selected for trial release against a
target pest, consideration must be given to the
following steps.

1. Importation, further quarantine, and
initial rearing.

2. The needs for rearing, the needs for
release, and the numbers required.

3. The design of field releases (where, when,
size, number of releases, and methods).

4. The design of the evaluation programme
to measure the outcome of the
introductions.

Here, I shall briefly consider the release,
monitoring, and assessment of impact of exotic
parasitoids (i.e., steps 3 and 4, above). The
general principles of some of these topics have
recently been reviewed by Van Driesche and
Bellows (1996) and Jervis and Kidd (1996).

Release and establishment of
exotic parasitoids

Where to make releases

Usually the area affected by a pest is very
large, and thus managers make trial releases of
parasitoids at several sites within the area.
Releases could profitably be made in relation
to different climatic, altitudinal, and density
zones rather than in relation to paired plots to
investigate these factors (see next section).
Before trial releases of a parasitoid are

undertaken, some attempt can be made to
estimate the likely range to be colonised by the
insects. This can be done by use of the
computer programme CLIMEX (Sutherst and
Maywald 1985).

The size and number of
releases to make

In classical biological control there is no hard
and fast rule as to the numbers required to
afford a reasonable chance of establishment.
Some species colonise readily, and the release
of only a few individuals is all that is required.
For example, the parasitoid Megarhyssa nortoni
(Cresson) (Hymenoptera: Ichneumonidae),
released in Tasmania in the 1960s for the
control of Sirex noctilio F. (Hymenoptera:
Siricidae), established after the release of only a
few hundred females (Taylor 1976).

However, Beirne (unpublished), in his anailysis
of biological control projects in Canada,
concluded that releases of less than 800 stand
less chance of establishment than where larger
numbers are released. There are also good
theoretical reasons for not releasing less than
1,000 individuals; populations of less than this
may go extinct because low densities, resulting
from dispersal into a new environment, lead to
failure to mate, which, in turn, leads to a male-
biased sex ratio (Hopper and Roush 1993).

The number of releases will depend on the
phenology of the host population in the field
and the number of different climatic and
altitudinal sites chosen to test the parasitoid
(see above).

Timing and method of releases

Releases should be made where hosts are
abundant and in the correct stage. Even in the
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tropics, pests tend to be seasonal. Releases
should also be made in areas where the pest
population is increasing, not decreasing.
Releases are often made in the early morning,
to avoid bright sunlight and hot midday
temperatures. Releases may be made in the
open field or in field cages. Cage releases can
exclude native competitors.

The evaluation of parasitoid
introductions

Measuring the dispersal capacity of
parasitoids

Some parasitoid species have a good dispersal
capacity and can cover a wide area reasonably
soon after release. However, some other
species are poor dispersers. Data collected on
the dispersal rate of Sirex parasitoids after
release indicates great variability within and
between species (see Table 1).

Table 1. Dispersal capacity of siricid parasitoids released
in Australasia (literature records)
Parasitoid Country Dispersal capacity
Ibalia I. leucospoides | New Zealand 6 kmin 4 years
125 km in 9 years
Magarhyssa n. nortoni | New Zealand 65 km in 9 years
115 km in 5 years?
Tasmania 19 km in approx. 12 years
Rhyssa p. persuasoria { New Zealand | <5 km in approx. 20 years
Tasmania 7.2 km in approx. 12 years

It is critical that a survey scheme is established
in order to measure the dispersal capacity of a
newly released parasitoid. This can be
achieved as follows.

1. Establish Permanent Sampling Plots (PSPs)
or “transects” of trees throughout the area
affected by the pest so that parasitoid
distribution and spread can be monitored
over time. The number of plots will depend
on time and resources available.

2. Visit all plots on a regular basis; for example,
over a number of Sirex generations.
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3. At each plot, record the following:
* total number of trees sampled

¢ estimate of the size of the Sirex infestation
and the proportion of trees infested in the
PSP

* presence/absence of the parasitoids

This survey will allow the monitoring of the
rate of spread of the parasitoid over time.

Measuring the impact of parasitoids

Here we need to be able to understand the role
of parasitism in limiting numbers of the pest,
and some of the factors that limit impact. That
is, we need some practical understanding of
the spatial and temporal dynamics of
parasitoid-host interactions. There are three
major ways to evaluate the impact of an
introduced parasitoid.

1. Compare pest densities before and after the
introduction of the natural enemy.

2. Compare pest densities in control plots
without the biocontrol agent with treatment
plots in which the agent has been released.

3. Perform life-table analysis of the pest
population after the introduction of the
natural enemy:.

From the experimental design point of view,
method two is the best (Ludlow, pers. comm.).
However, the success of this method depends
on the dispersal capacity of the natural enemy.
For many parasitoids, this can be quite
considerable; thus method two may not be
possible. Plots may have to be so far apart that
climatic, edaphic, and other factors may
obscure the true effects of parasitism. Greater
emphasis should, therefore, be placed on
methods one and three. Luck et al. (1988)
include a review of method one.

All three methods require estimates of either
pest densities, pest numbers, or both. The
numbers of pests that die due to parasitism
should also be estimated. General problems
that can be encountered when measuring



arasitism have been discussed by Van
Driesche (1983) and Van Driesche et al. (1991).
Madden (this workshop) outlines methods for
measuring parasitism of Sirex noctilio that were
developed in Australia.

Methods one and two above may produce a
clear measure of the overall impact of an
introduced parasitoid on the host population.
However, the interpretation of measures of
parasitism obtained during such studies and
for method three can sometimes be difficult. To
overcome this problem, a series of life tables,
collected for a number of generations of the
pest, can be analysed. Bellows et al. (1992)
review the general methods for estimating
parasitism and the methods available for
constructing and analysing a series of life
tables for a pest. A series of life tables was used
by Taylor (1978) for analysing the impact of
Sirex parasitoids in Tasmania. Refer to this
paper for the methods employed.
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Sirex noctilio problem in Brazil: detection,
evaluation, and control

Edson Tadeu lede, Susete do Rocio Chiarello Penteado, Erich G. Schaitza

Abstract

Brazil has about five million hectares of forest
plantations of which two million hectares
consist of Pinus spp. Most of these stands were
planted; they contain a small number of
species at high density and receive inadequate
forest management. In 1988 an outbreak of
Sirex noctilio F. was recorded in Rio Grande do
Sul state. It is present in 250,000 hectares of
forest, and is also advancing on Santa Catarina
and Parané states. The use of biological control
is the best measure to control S. noctilio. The
most effective agent is Beddingia (=Deladenus)
siricidicola (Bedding), a nematode that sterilizes
the Sirex females. Another parasite, Ibalia
leucospoides, bred by the Programa Nacional de
Controle A Vespa-da-Madeira (PNCVM) was
introduced in 1989. This programme for
control of Sirex noctilio is broad in scope; it also
includes both the early detection and
monitoring of the spread through the use of
trap trees and ground inspections and the
adoption of preventative measures through
adequate forest management. Plans for the
future include the introduction of the
parasitoid Rhyssa persuasoria (L.) and
Megarhyssa nortoni (Cresson) to complement
the nematode.

Introduction

Of about five million hectares of forest
plantations in Brazil, two million are planted
with Pinus spp. Most of these plantations were
planted using a few species at high density and
managed using inappropriate silvicultural
practices. The southern region concentrates
approximately one million hectares of
plantations, mainly of loblolly pine, Pinus taeda
L., and slash pine, P. elliotii Engelm. These
conditions are ideal opportunities for pest and
disease outbreaks. Sirex noctilio attacks were
detected in Rio Grande do Sul state in 1988,

awakening the Brazilian forestry sector to the
need for control strategies to prevent and
monitor the pest. S. noctilio can currently be

~ found in 200,000 hectares throughout the states

of Parand and Santa Catarina. Although S.
noctilio is a minor pest in its regions of origin
(Europe, Asia, and North Africa) it has become
the primary pest in pine plantations where it
has been introduced, in countries such as New
Zealand, Australia, Uruguay, Argentina, Brazil
and, more recently, South Africa.

Biological control strategies are the most
efficient for controlling S. noctilio, especially
when the nematode B. siricidicola, which
sterilizes up to 70% of the Silex females
through parasitism, is used. S. noctilio has been
kept under control by the application of forest
management techniques associated with
biological control.

As the pest became a serious problem to
Brazilian forestry, the Fundo Nacionale de
Controle & Vespa-da-Madeira (FUNCEMA)
was created in 1989 by public and private
organizations in order to support the National
Program of Wood Wasp Control (PNCVM).
This program includes research activities to
create and adapt technologies for the control of
S. noctilio. At first, the program gave priority to
the introduction of B. siricidicola. The National
Program of Wood Wasp Control still includes
the following practices.

1. Monitoring for the early detection and
dispersal of the pest, using trap trees which
are intentionally stressed to attract the
insects by application of the Dicamba
herbicide.

2. Adopting prevention strategies to improve
the phytosanitary conditions of forest stands
using silvicultural practices, especially
thinning, to minimize the attacks.
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3. Adopting quarantine strategies to control
and slow dispersal.

4. Introducing the parasites Ibalia leucospoides,
Rhyssa persuasoria and Megarhyssa nortoni to
increase the range of natural enemies. (M.
nortoni and R. persuasoria were introduced in
1996 and 1997, respectively, by means of a
project supported by CABI-Bioscience and
the United States Department of Agriculture
Forest Service. Ibalia leucospoides was acci-
dentally introduced and detected in 1990 in
Rio Grande do Sul state; it is currently
present in nearly all forest stands attacked
by S. noctilio).

5. Publicizing, using the media and the
researchers involved, in a vast training
program for technical personnel and forest
producers, to provide technical information
to professionals and to inform the public.
Integration within the National Program of
Wood Wasp Control has been an example of
the research and development policy
nationwide, as more than a hundred private
enterprises in Southern Brazil are involved,
together with public organizations. Besides
using technology, these enterprises also offer
technical assistance to small-forest planters
so the control strategies can reach all planta-
tions attacked by S. noctilio.

Biology and ecology of Sirex
noctilio

Sirex noctilio belongs to the order
Hymenoptera, sub-order Symphyta, family
Siricidae, sub-family Siricinae. Siricids develop
inside tree trunks of several species and are
known as horntails. This group is associated
with conifers and angiosperms of northern
hemisphere origin.

S. noctilio is endemic to Eurasia and North
Africa, with high density populations in the
Mediterranean zone. It prefers species of the
genus Pinus, also attacking fir (Abies), spruce
(Picea), larch (Larix) and Douglas-fir
(Pseudotsuga).

In its countries of origin, S. noctilio normally
develops in trees damaged or dead due to
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biotic or abiotic factors, such as fire, wind,
other insects, diseases, snowstorms or
mechanical operations, although it can develop
in healthy trees as well.

According to Smith (1988), it is also found in
Germany, Australia (where it was introduced
in 1951), Austria, Belgium, Cyprus, Denmark,
Finland, France, Greece, Hungary, England,
Mongolia, Norway, New Zealand (introduced
in 1900), Poland, Romania, the former
Czechoslovakia and parts of the former Soviet
Union. It has more recently been introduced
into Uruguay (1980), Argentina (1985), Brazil
(1988), and South Africa (1994).

In Brazil, most of the adults emerge between
November and April, with emergence peaks in
November and December. The males emerge
before the females, and there is a male/female
ratio varying from 1.5:1 to 32:1.

After the initial flight period, females perforate
tree trunks with their ovipositors and lay their
eggs in the sapwood. They can perforate up to
four galleries each time they lay eggs, and the
average number of eggs in each oviposition
process is 2.2. The largest females lay 300 to 500
eggs in approximately 10 days. During this
process, the females introduce spores
(artrospores) of the symbiotic fungus
Amylostereum areolatum Fries (Boidin), along
with a mucous secretion, which causes toxicity
and the consequent death of plants.

The plantations most susceptible to S. roctilio
attacks are generally 10 to 25 years old and
under stress. Unthinned stands are more
susceptible than thinned stands. The insect
weakens trees by injecting the phytotoxic
mucus and the spores of the symbiotic fungus
A. aureolatum in the sapwood during
oviposition. This pathogenic fungus, which is
the source of nutrients for the pest larvae, dries
up the wood and makes it rot. In addition,
wood quality is affected by the larvae building
galleries and by the entrance of secondary
agents which help to damage it, limiting its use
or ruining it for the market. Once the tree is
dead, the wood degrades quickly; it must be
used, at the most, within six months after the
attack.



The attack symptoms begin to show right after
the insect population peaks in the months of
November and December, but become more
visible from March on. The most visible
external svmptoms are the progressive
vellowing of the crown, which afterwards
becomes brownish-red; wilting of the foliage;
loss of leaves; resin drops on the bark (due to
the perforations made for oviposition); and
holes drilled for the emergence of the adults.
Internal symptoms are brown spots along the
inner bark caused by the fungus A. aureolatum
and galleries drilled by larvae, all of which
affect wood quality.

Sirex noctilio completes its development in one
or two vears. Approximately 75% of the larvae
emerge in the first year, and although some
may emerge in the third year, these are not
likely to survive. The larvae that complete their
development within a year go through an
average number of six instars, while those
which take two years to develop usually go
through eight. In a temperate climate in
Tasmania up to twelve instars have been
observed.

The detection of S. noctilio in
Brazil

The first registry of an outbreak of Sirex in
Brazil occurred in October 1988 in a Pinus taeda
stand in Gramado, Rio Grande do Sul state.
The insect was found at first in a five-hectare
stand 13 years old, planted at a 2-meter by 2-
meter spacing (2,500 trees per hectare) where
the first thinning was being conducted. Some
trees showing attack symptoms were cut, and
siricid larvae were found inside the trunk.
Galleries containing larvae and drilled holes
were recently found in logs obtained from
thinned trees piled inside the stand.

On the same occasion mortality of 240 trees per
hectare was registered in another P. taeda
plantation on the border between Canela and
Sao Francisco de Paula, also in Rio Grande do
Sul state. The stands, which had not undergone
thinning, were about 17 years old, and the trees
were spaced 2 x 2 meters. The average
mortality of 9.6% was being attributed to soil
exhaustion and excessive competition of plants

for nutrients, since the stand had not been
thinned. When some of the trees with
yellowing or dry crowns were cut, S. noctilio
larvae were found. One of the trees cut was
quite dry and had old Sirex galleries, proving
the occurrence of attacks in former years (lede
et al. 1988).

In December 1989 S. noctilio was found in
Lages, Santa Catarina state, in P. taeda trap
trees. Two interceptions were made in Parana
state in 1993 and 1994, avoiding the
establishment of the insect. In July 1996,
however, the pest managed to get established
in P. taeda plantations in General Carneiro,
Parana state.

S. noctilio currently occurs in approximately

200,000 hectares of Pinus spp. plantations in

about 60 cities of the three southern states of
Brazil.

National program for S.
noctilio control

The discovery of S. noctilio in Pinus stands in
Brazil has caused critical concern in the
Brazilian forestry sector because of the pest’s
damage potential. The infestation of P. taeda
stands by Sirex noctilio in southern Brazil is
serious and gradually increasing. The
dissemination of the pest to other Pinus
plantations in Brazil is inevitable, since it can
spread 30 to 50 kilometers per year. Urgent and
efficient strategies are needed to control,
monitor, and delay its advance. The National
Fund for Wood Wasp Control was created in
June 1989 to manage the problem. It is a non-
profit civil organization formed by private and
public institutions whose main objective is to
generate funds for the development of the
Programa Nacional de Controle 4 Vespa-da-
Madeira (PNCVM). This program has
undertaken the following activities.

Monitoring for the early detection of Sirex
noctilio

The program originally intended to have all
the Pinus plantations in the country mapped
from satellite images. All the plantations in Rio
Grande do Sul, Parand, and Santa Catarina
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states were to be allocated in detailed maps
with data on the number and location of the
groups of trap trees installed, the spots where
Sirex was found, and the places where
nematodes and parasites were released. Aerial
and terrestrial searches were also planned.

Aerial monitoring

Aerial monitoring with visual observations in
surveys for early detection of the pest and
estimates of attacked areas were planned.
However, this procedure has not been
evaluated because of its lack of precision, since
the smaller trees normally preferred by the
insect are not visible from the air.

Terrestrial monitoring

The trees initially attacked by S. noctilio tend to
present smaller diameters or be somehow
damaged, although attacks to dominant trees
do occasionally happen.

The use of trap trees stressed by herbicide
injection is the most appropriate and efficient
technique for the early detection of the pest, as
well as for monitoring dispersion. Detecting S.
noctilio during its early stages of development
and colonization helps to define locations for
releasing biological control agents and allows
thinning practices to be carried out before the
pest reaches high levels of damage.
Maintaining a trap tree system may greatly
increase the efficiency of biological control of S.
noctilio.

The choice of a detection method, as well as the
intensity with which it should be applied, must
be based on a risk analysis of the introduction
and dispersal of the pest in each region. The
Centro Nacional de Pesquisa de Florestas-
EMBRAPA recommends that trap trees,
preferably between diameters at breast height
(DBH) of 10 and 20 centimeters, be installed in
groups of five, and that the distance among the
groups vary according to where the pest is
established:

¢ in areas where Sirex is present, as well as
in areas up to 10 kilometers away from
the infestation focus, install groups of five
trap trees every 500 meters

48

e at distances between 11 and 50 kilometers
from the focus, the groups should be
spaced 1000 meters apart

¢ more than 50 kilometers from the
infestation focus, especially near borders,
the groups should be spaced 10
kilometers apart

¢ in areas more than 200 kilometers from
the infestation focus, forest vigilance is
the most appropriate technique

The groups of trap trees should be installed in
easily accessible areas and cover the entire
stand.

Other recommendations are as follows.

1. The installation of trap trees in Brazil must
be done from August to October, two
months before the population peaks of S.
noctilio adults, which generally occur
between November and December.

2. The groups of trap trees should be revisited
in January and May to check on insect
attack.

3. The process of installing trap trees must be
carried out every year, since there is a
progressive reduction in trees attracting S.
noctilio from one year to the next.

4. Trees with DBH under 30 centimeters
should receive a dose of one to two millili-
ters of the herbicide Dicamba at 20%, or
Tordon at 10%, every 10 centimeters in the
circumference, while trees with DBH greater
than 30 centimeters should receive the same
dose every 8 centimeters in the circumfer-
ence.

As soon as S. noctilio is detected in a region, the
number of groups of trap trees should be
increased and installed in susceptible
plantations, close to saw mills, along the main
wood transportation routes, and on the borders
of the area of natural dispersion of the pest.
After detection, trap trees must be annually
installed to receive the inoculation of B.
siricidicola. Once the biological control agents
are established in the region and the



population of S. noctilio declines, groups of trap
trees must be planted for monitoring the
presence of the pest and its natural enemies.

Prevention strategies

It is currently estimated that most of the
plantations still show low levels of mortality;
only a small portion of the total forest is under
high attack levels. If, however, monitoring,
prevention, and control strategies are not
carried out, this condition will worsen.

Trees resistant to S. noctilio are those which
remain free of injuries and continue growing
vigorously in good sites and well-managed
blocks. The level of mortality of the trees is
significantly related to the DBH of the trunk.
Trees with low DBH show higher levels of
mortality than thicker ones inside the same
stand.

Management practices tend, therefore, to
impose limits on long rotations and, more
important, to draw attention to the
composition, structure, age, and vigor of the
forest, in order to avoid serious insect attacks.
According to Davis (1966), more effective pest
contrel may be obtained through silvicultural
practices in the long run, creating a reasonable
forest-insect resistance. Complete control will
never be attained this way, but the loss caused
by insects may be reduced.

Thinning is one of the most important
silvicultural practices, conducted in order to
accelerate or modify the course of competition.
The position of the crown is an important
criteria in deciding which trees to cut and
which to favor. Vigorous trees that outgrow
their neighbors dominate the canopy. These
trees usually have a greater chance of
surviving future competition than do less

vigorous ones which take lower positions in
the forest.
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